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INTRODUCTION
Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn's disease (CD), is a chronic inflammatory disease of the gastrointestinal tract that results from interactions of the intestinal immune system, the gut microbiome, epigenetics and environmental factors [1] . Relapse rates of patients with IBD range from 30%-50% on a yearly basis [2] [3] [4] . Relapses in IBD are categorized according to severity [2] [3] [4] , which has been linked to increased health care costs and reduced quality of life relative to patients in remission [5] . IBD is associated with significant direct and indirect costs for patients and society, and as the number of patients is expected to grow worldwide during the coming years, IBD constitutes a significant health care burden [5] [6] [7] . Therefore, new initiatives capable of reducing the burden of IBD are warranted [7] . Screening of disease activity using electronic health (eHealth) or mobile health applications has previously been shown to reduce time to remission [8] and hospital admissions and outpatients visits [9] , to increase compliance with medical therapy and quality of life and to empower IBD patients [8] . eHealth offers patients a quick and easily understandable tool for disease monitoring, with faster recognition of disease relapse, greater engagement with their treatment and easier access to health care. All of these benefits support patients in optimizing their individualized treatment [10, 11] . Close monitoring of disease activity is vital for optimizing individualized treatments and to improve potentially the longterm disease course. However, the type and frequency of optimal disease monitoring remain unknown.
The primary aim of this study was to determine if an eHealth home monitoring screening procedure for disease activity in adult IBD patients should be implemented in clinical practice every third month (3M) or according to IBD patients own belief, on demand (OD). September 13, 2019 
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MATERIALS AND METHODS
Participants
Adult UC and CD patients (18 years or older) who fulfilled the Copenhagen diagnostic criteria for IBD [2, 3] , being on any medical IBD therapy and in remission [Simple Clinical Colitis Activity Index (SCCAI) ≤ 2 or Harvey-Bradshaw index (HBI) < 5] or with mild-to-moderate disease activity were consecutively enrolled from the outpatient clinic at the Department of Gastroenterology, North Zealand University Hospital, Denmark, between July 8 2015 and July 25, 2016. It was mandatory for patients to speak Danish and have a smartphone. Patients were excluded if they had severe disease activity (SCCAI ≥ 5 or HBI > 16), a severe mental disorder or were abusing drugs at the time of inclusion.
Study protocol
This study was a 1-year open-label randomized trial (1:1) of adult IBD patients using the constant care platform [10] for self-monitoring of disease activity. Patients were randomized to either be screened for disease activity whenever they felt necessary (OD group) or scheduled to be screened every 3M.
Following their inclusion, patients allocated to either the OD or 3M group received training (approximately 1 hour) by IBD eHealth nurses in how to use the Constant Care platform, how to score themselves, and how to measure their levels of fecal calprotectin (FC) at home. Both groups of patients were instructed in how to screen for disease activity at baseline and at their 1-year follow-up. Patients randomized to the OD group were instructed in how to screen for disease activity when they felt a need to, whereas patients allocated to the 3M group were instructed in how to screen themselves every 3M. If patients in the 3M group felt a recurrence in disease activity between the scheduled evaluations, they were required to take new disease activity home measures.
If patients experienced a recurrence of disease visualized on constant care webapplication (web-app), they were instructed to contact the electronic care (eCare) personnel by phone or via the patient's personal web-wall, for an early consultation to assess the need of individualized treatment adjustment or diagnostic investigation. Daily web ward rounds were performed by the eCare nurses in close collaboration with a medical doctor.
The Ethical Committee in Denmark (H-15005603) and the Danish Data Protection Agency (Suite no.: 03806, NOH-2015-021) approved the study. The study was also registered at clinicaltrials.gov, No. NCT02492555. All patients in the study gave written informed consent prior to their inclusion.
Home monitoring: Constant care© and CalproSmart
TM
The disease algorithm in the constant care application [10] for UC and CD consists of a subjective score, either SCCAI [12] for UC or HBI [13] for CD, plus a validated FC home testing kit [14] . These two measures were added together in a weighted manner, providing the total inflammation burden score (TIBS). Disease activity measures (SCCAI, HBI, FC and TIBS) are shown in a "traffic light" form to the patient and eCare providers (Figure 1 ). The TIBS score can only be generated if subjective disease activity scores (HBI/SCCAI) and FC were registered on the same day. In a few cases where FC and the subjective disease scores were up to 14 d apart, they were manually calculated. The cut-off values used for disease activity measures, defining remission (green zone), mild-to-moderate activity (yellow zone) and severe activity (red zone), are shown in Figure 1 . A flare-up (FC/SCCAI) was defined as a green disease activity score for at least 30 d followed by either a yellow or a red score.
Based on disease activity measures, an electronic list (green, yellow and red) was automatically generated for surveillance purposes (web rounds). Beside the disease activity algorithm, the constant care web-app also consists of electronic questionnaires {concerning medical adherence [medical adherence report scale (MARS)], fatigue and quality of life} and additional features (e.g., an e-learning quiz and personal web wall where patients can communicate with eCare personnel at the hospital).
FC measurements were performed by the patients at home using the CalproSmart TM application (Calpro AS, Lysaker, Norway). This home test can be performed in 18 min and is integrated into the constant care web-app, giving the patients the opportunity to see FC results longitudinally and in a traffic light form on the constant care web-app ( Figure 1) . The FC home test [14] and the disease activity algorithm in constant care ( Figure 1 ) have been described in greater detail elsewhere [10, 14] .
Phenotypes and disease courses
Montreal classifications [15, 16] (extent, location and behavior) were derived from electronic patient files at inclusion and stating the highest progression step. One-year disease courses were generated assuming linearity between measuring points of HBI, SCCAI, FC and TIBS. Two internal assessors ( 
Medication and adherence
Medicine registrations were carried out retrospectively and based upon electronic patient files and the electronic prescription management system. IBD medications were registered at baseline and after 1 year of follow-up. Medical treatments were categorized as in Burisch et al 2018 [4] : None: No IBD medicine; 5-aminosalysalic acid (5ASA): Oral and/or topical 5ASA treatment ± topical steroids; Corticosteroids: Oral steroids ± 5ASA or topical steroids; Immunomodulators: Azathioprine (and derivatives) and methotrexate ± steroids; and Biologicals: Any anti-tumor necrosis factor treatment (including certolizumab) or vedolizumab (anti-α4β7-integrin) in combination with any of the above. Adherence to medication was measured by MARS, a self-assessment questionnaire, consisting of five questions that has been used previously in IBD web trials [17, 18] .
Quality of life and fatigue
Disease-related quality of life was assessed using the Short IBD Questionnaire, which consists of 10 questions (score 10-70) [19] . In the constant care application, a score of 10-50 is presented as red and indicates a poor quality of life, while a score above 50 is represented as green and indicates a good quality of life [20, 21] . The functional assessment of chronic illness therapy-fatigue questionnaire (13 questions, score 0-52) was used to assess fatigue in IBD patients during the preceding 7 d [22, 23] . Patient satisfaction with the study was assessed by a questionnaire prepared by the authors, consisting of seven yes/no questions.
Statistical analysis
In order to compare the effects of the two interventions across 1 year of home monitoring, two ways of modeling longitudinal disease activity measures were performed: (1) FC, HBI, SCCAI and TIBS modeling was based on the assumption of linearity between repeated measures and normalization of 1 year of data to 100% for all patients that completed the study. Based on normalized data for each patient, the mean time spent in the green, yellow and red zones (Figure 1 ) throughout the year were calculated as percentages. In addition, FC SCCAI, HBI and TIBS sample intensity (defined as the number of registrations in green, yellow and red divided by the mean time spent in remission, moderate and severe activity) was also calculated; and (2) Based on longitudinal FC measures, area under the curve was calculated using the inclusion date and the first observation made 357 d after inclusion.
For dichotomous and categorical variables, Fisher's exact test was used. For quality of life and fatigue data, repeated measures analysis of covariance was performed, with a correction for baseline values. Kaplan-Meier survival analysis was used to compare the interventions regarding time to a relapse and time to remission on disease activity indices (FC/SCCAI). The possible effect of intervention group on time-to-relapse and time-to-remission was tested by the log rank test. To compare 1-year disease courses of symptoms and FC to TIBS, which were blinded to two assessors, a simple concordance analysis was made by deriving the relative number of agreements. Data were analyzed using SAS (9.4) . Results were considered significant when two-sided P values were less than 0.05.
RESULTS
Overall, 102 IBD patients, fulfilling the inclusion criteria, were randomized in the study, with 50 in the OD group and 52 in the 3M group. Table 1 shows the clinical and patient-reported characteristics of each group. Twenty-one patients (21%) had technical problems getting FC home test to work at inclusion. In these cases (n = 9), the patients' first FC measurement after inclusion was used as baseline if it was within 14 d of the inclusion date; median days from inclusion was 5 [interquartile range (IQR) : 4-8] . Baseline data (Table 1 ) across the two groups showed similar characteristics.
Five patients from the OD group and nine from the 3M group withdrew from the study (Figure 2 ). These 14 patients registered symptoms on the constant care web-app within a median 146 d (IQR: 18-202). In total, 88 (86%) patients completed the study and made registrations on the web-app, for a mean of 12 [standard deviation (SD) = 1.3] mo. Of the 88 patients that completed the study, only one measured FC throughout the year without measuring symptoms. Four out of the 88 patients only measured FC at baseline (but completed 1-year symptom registrations on constant care). Patients were only excluded from data analysis if data were missing.
Disease activity
The number of FC home tests per patient, and sample intensities according to FC activity zones (green, yellow and red), were calculated in relation to the screening procedures (3M and OD). The median (IQR) number of FC home-monitoring test kits per patient used in the 3M and OD groups were 6.0 (5.0-8.0) and 4.0 (2.0-9.0), respectively (P = 0.04). Sample intensities of FC in the red zone were in median (IQR) 8.8 (5.9-15.8) vs 12.0 (8.8-20.7) in the 3M (n = 22) and OD (n = 18) groups, respectively (P = 0.22). Median (IQR) sample intensity in the yellow zone were 6.1 (2.9-10.6) vs 8.6 (3.0-18.0) in the 3M (n = 29) and OD (n = 23) groups, respectively (P = 0.28), and median (IQR) sample intensity in the green zone were 6.0 (5.0-9.6) vs 3.7 (2.0-11.9) in the 3M (n = 41) and OD (n = 39) groups, respectively (P = 0.009). Similar results were observed for SCCAI and TIBS, data not shown.
There was no statistical difference between the 3M and OD groups in the proportion of time spent in the different disease activity zones ( Table 2 ). The close similarity regarding disease activities as measured using FC only between the two intervention groups are also shown in Figure 3 . In addition, the area under the curve for FC (n = 80), adjusted for age at inclusion (P = 0.11) and IBD duration (P = 0.68), showed no significant difference (mean difference: 6250, P = 0.77) between the two screening procedures.
We analyzed the number of relapses (FC and SCCAI) in each intervention group based on 83 (99%) and 70 (97%) patients respectively, as one and two (1% and 3 %) patients were not at risk for having a FC and SCCAI relapse respectively (not having consecutive 30 d in remission during the study period). The number of patients experiencing a severe FC and SCCAI relapse (i.e., changing from a green score to a red score) did not differ significantly between the two groups FC: [3M: 15 (36.6%) and OD: 12 (28.6%), P = 0.49] and SCCAI: [3M: 9 (25.0%) and OD: 7 (20.6%), P = 0.78]. Similarly, the number of moderate and severe relapses combined (i.e., changing from a green score to a yellow or red score) did not differ significantly between groups FC: [3M: 22 (53.7%) and OD: 17 (40.5%), P = 0.27] and SCCAI: [3M: 14 (38.9%) and OD: 9 (26.5%), P = 0.31].
The performance of the two screening procedures in relation to experiencing a severe relapse and the corresponding time to remission are illustrated for all patients (FC) and separately for UC/IBD-U patients (SCCAI) at risk in Figure 4 . There was no statistical difference for all patients as measured by FC or UC/IBD-U patients alone using SCCAI, regarding time to relapse (regardless of a red flare or a yellow/red flare). Median times from a FC severe relapse to remission were approximately 75 d (P = 0.88) for both groups, whereas median time to remission for UC patients (SCCAI) was approximately 75-100 d (P = 0.17) (Figure 4 ). The corresponding Kaplan-Meier curves of time to a moderate-severe relapse and to remission are shown in Supplementary Figure 1 . Regarding the disease courses (A-F), there were no statistically significant differences between the 3M and OD groups (Supplementary Table 1 ). Agreement between FC disease courses (A-F) and TIBS disease courses (A-F) were 78%. Likewise, agreement between disease courses for SCCAI and TIBS were 62%, while between HBI and TIBS they were 31%.
Medical treatment and compliance
Medication at baseline and after 1 year of follow-up is shown in Supplementary Table 2. Overall, 27 medical changes were registered throughout the year (14 3M and 13 OD). Independent of intervention, patients (n = 80) were compliant with medical therapy (i.e., they had a MARS score higher than 21) for a median of 3M: 23.57 , P = 0.58. Eight patients were not measured for compliance, as they did not receive any IBD treatment.
Quality of life, fatigue and patient satisfaction
Mean (SD) changes in quality of life throughout the year in the 3M group was 0.56 (6.78) and 4.04 (9.24) in the OD group. The difference between the two interventions in quality of life, and when taking quality of life at baseline into account, showed no statistical difference between the two screening procedures, where the mean difference was 2.3, P = 0.17. Similarly, the mean difference in fatigue between the two interventions, and adjusting for fatigue baseline measures, was 0.19, P = 0.86. The 88 patients that completed the study were asked seven questions at follow-up ( Figure 5 ). There was no statistical difference (all P values > 0.2) between the two intervention groups on any of the seven yes/no questions assessing patient satisfaction ( Figure 5 ).
DISCUSSION
In this study we have demonstrated that monitoring IBD patients according to patients' own requests (OD) or every 3M resulted in similar disease-related outcomes, including time to relapse and time to remission, disease course, medical compliance, fatigue, quality of life and patient satisfaction. Therefore, we recommend using an "on demand" approach to monitoring IBD, where fewer CalproSmart tests kits are needed, thus lowering costs, while maintaining outcomes comparable to a more expensive, scheduled monitoring approach.
The optimal way to monitor IBD patients for disease progression or relapse remains to be found. Recently, the STRIDE [24] (Selecting Therapeutic Targets in IBD) Steering Committee recommended that screening in IBD should be performed every 3 mo during a relapse and once every 6 or 12 mo during remission, and it should include assessing both clinical symptoms and inflammation via endoscopy. However, the CALM [25] study has shown that close monitoring of CD patients according to clinical symptom scores and objective markers (including FC) results in better endoscopic and clinical outcomes at 1 year follow-up, relative to standard clinical management. FC measures have also been able to identify UC patients at risk of a relapse 3 [26] , 6 and 12 mo before one occurs [27] and to correlate to histological mucosal healing [27] , indicating that FC is a clinically valuable marker for disease monitoring. In addition, Pedersen et al [18] showed that FC was the first marker (relative to SCCAI and TIBS scores) to decrease in response to treatment. Furthermore, IBD patients enrolled in the weboutpatient clinic at our institution will undergo the same practice as standard care, which includes colonoscopy when needed and at least every 3 to 5 years for surveillance of colorectal cancer.
In this eHealth study, the overall purpose was to detect a relapse as soon as possible and to involve patients in their own treatment, including starting and changing medications. Therefore, a FC home test that can be performed by the patients in just 18 min seems to be a good, quick and cheap alternative to endoscopy targeting inflammation [27, 28] . The present study showed that screening for disease activity OD is equally good on all parameters as 3M; however, the 3M group used significantly more FC test kits per patient relative to the OD group, most likely due to the significant greater sample intensity/registrations in the green FC zone. In addition to being more cost-effective, an OD approach might also be preferable from the patients' perspective, some of whom (especially those in remission) find it inconvenient to monitor themselves every 3 mo. However, even if an OD approach became common, in some cases (adaptive ones), it might be advisable to begin patients with a pre-defined screening interval. Later on, when the patients have better knowledge of their disease, they could then be transitioned to an OD arrangement. In a previous study, Pedersen et al [18] concluded that the constant care application for mild-to-moderate UC patients helped them to recognize symptoms and thereby improved their understanding of the disease -something fundamental to selfmanagement. Fifty-seven percent of patients in this study stated that they had benefited from an improved understanding of their disease and its treatment. Table 2 Mean times spent in green, yellow and red zones for disease activity of fecal calprotectin, simple clinical colitis activity index, Harvey-Bradshaw index and total inflammation burden score for the two screening procedures, i.e., on demand and every third month throughout 1 year FC SCCAI HBI TIBS P value 3M, n = 43 OD, n = 41 3M, n = 37 OD, n = 35 3M, n = 6 OD, n = 9 3M, n = 43 OD, n = 39 Previous research has shown that an advantage of screening for inflammation at home and using eHealth monitoring is that it detects a relapse sooner, and therefore helps bring about remission quicker, than with standard care [10] . This prompts the question of whether one of the screening procedures (OD or 3M) can detect a relapse sooner than the other one. Our results showed no statistical differences in time to a flare up as measured by FC and SCCAI between the two groups. However, due to the small sample, these findings need further confirmation.
The disease activity algorithm has shown that UC patients with mild-to-moderate disease activity have a median of approximately 30 d to SCCAI time to remission (and median 7 d for FC) [18] . In the present study, UC patients with either a severe or moderate-to-severe relapse had a median of approximately 75 -100 d to remission, figures similar to the overall IBD population in the study examined by FC. Plausible explanations for the difference in FC/SCCAI median time to remission (7-30 vs 75-100 d) are that this study is more representative of clinical practice (including both UC and CD on different medical therapies), as well as the fact that in the study by Pedersen et al [18] , UC patients measured themselves every week.
Safety and patient satisfaction
eHealth treatments have previously been shown to be feasible and safe for UC patients [8, 18] , CD patients on infliximab [29] and children and adolescents with IBD [17] . Therefore, we have not assessed feasibility and adverse events in relation to the two eHealth screening procedures. For children and adolescents, a fixed eHealth screening interval of once every month have been shown to be feasible [17] . One could speculate if the OD screening approach could apply to pediatric IBD patients as well. In general, all patients in this study were satisfied: Treatment lived up to the patients' expectations (90%), they felt they received enough support (93%) and they were saved time spent on outpatient visits by home-monitoring instead (66%). Nonetheless, 20% of participants experienced difficulties with the CalproSmart app due to early problems in the study when the app was not CE marked and not available to download from app store and google play. According to Bossuyt et al [30] , one of the major concerns regarding implementation of eHealth in IBD is a less robust digital infrastructure that is not sufficiently workable for patients and healthcare providers. Although there might be room for improving the digital infrastructure, the constant care platform has in this study shown to be satisfactory from a patient perspective.
Strengths and limitations
The strength of this study is its use of a novel eHealth application in a representative IBD population in clinical practice, including both CD and UC patients with different disease phenotypes.
A limitation of the study is that the TIBS disease activity algorithm has not yet been validated by endoscopy. Furthermore, monitoring FC for small bowel inflammation in cases of CD has been questioned based on whether FC is a valid marker for disease activity and nor do symptoms necessarily worsen in these patients. Another limitation of the study is its design, which might have been improved by using a non-inferior design for the statistical analysis and power calculation.
In conclusion, the two eHealth screening procedures (OD and 3M) proved equally good in detecting a relapse and bringing about remission in adult IBD patients. There were no statistically significant differences between the OD and 3M groups on any of the disease measures, compliance or quality of life, although the OD protocol resulted in fewer FC home test kits used per patient. Therefore, individualized, i.e., OD, eHealth screening for disease activity can be recommend in clinical web-practice. Based on our results, OD screening was implemented in clinical practice in June 2018 at our institution and all IBD patients in North Zealand, Denmark are now offered the opportunity of home monitoring using the constant care application. The latter is available for free in Denmark to any IBD patients and in collaboration with their IBD clinic. 
ARTICLE HIGHLIGHTS
Research background
Home-monitoring of disease activity in inflammatory bowel disease (IBD) has previously been shown to reduce time to remission, hospital admissions and outpatient visits, to increase compliance with medical therapy and quality of life and to empower patients. However, no study has investigated how often adult patients with IBD should home-monitor for disease activity. This study showed that the electronic health (eHealth), on demand (OD) screening procedure was cheaper and equally good on all disease measures as screening every third month (3M).
Research motivation
The optimal way to home-monitor adult patients with IBD for disease progression or relapse remains to be found.
Research objectives
To determine whether an eHealth screening procedure for disease activity in adult patients with IBD should be implemented in clinical practice, scheduled every third month, 3M or according to patient own decision, OD.
Research methods
A randomized 1-year open-label eHealth trial where adult patients were randomized to screen for disease activity, quality of life, fatigue and medical compliance every 3M or OD on the webapplication ibd.constant-care.com.
Research results
There was no statistical difference between the two screening procedures regarding medical compliance, fatigue, quality of life, mean time spent in remission, overall fecal calprotectin (FC) relapse rates, FC disease courses and FC time to a severe relapse and remission. The on-demand screening approach used fewer FC home-monitoring test-kits than screening every third month.
Research conclusions
The two eHealth screening procedures were equally good in capturing a relapse and bringing about remission. The on-demand screening protocol used fewer FC home test-kits per patient. Individualized screening procedures can be recommended for adult patients with IBD in clinical web-practice.
Research perspectives
A validation of the eHealth disease algorithm [total inflammation burden score (TIBS)] by endoscopy should be performed and time to a moderate and severe relapse of the TIBS between the two screening protocols should also be further examined.
